Introduction
An estimated 2.1 million youth between the ages of 10 and 19 years are living with HIV. Nearly, two-thirds of these youth reside in Eastern and Southern Africa, with 8% living in Tanzania (UNICEF, 2013) . AIDS-related deaths among youth have increased by 50% between 2005 and 2012, in sharp contrast to the overall 30% decline in global AIDS-related deaths over the same time period (UNICEF, 2013; WHO, 2013a) . The causes of poor outcomes in youth are likely multifactorial, but one major contributor is incomplete adherence to antiretroviral therapy (ART) (Bygrave et al., 2012; Dow, Shayo, Cunningham, & Reddy, 2014; Memiah et al., 2014; Mills et al., 2006) . Incomplete adherence among adolescents is due to a number of biologic and psychosocial factors (Lall, Lim, Khairuddin, & Kamarulzaman, 2015) , but prior studies indicate that mental health difficulties negatively affect adherence (Memiah et al., 2014; Wagner et al., 2011) . Therefore, strategies to improve mental health among HIV-positive adolescents may improve adherence and subsequently HIV outcomes among this vulnerable population.
The World Health Organization conceptualizes mental health in children as, "having a positive sense of identity, the ability to manage thoughts, emotions, as well as to build social relationships, and the aptitude to learn and to acquire an education, ultimately enabling their full active participation in society" (WHO, 2013b) . Initial symptoms of mental health difficulties often begin in adolescence (Patel, Flisher, Hetrick, & McGorry, 2007) . Suicide is the third leading cause of death in the adolescent age group, and approximately 10-20% globally suffer from a disabling mental illness (Kieling et al., 2011; Klasen & Crombag, 2012) . HIV-positive youth may face even greater mental health challenges as many experience high levels of stress related to parental loss; a lack of family and social support; inability to pay school fees; food insecurity; difficulties related to body image with stunted growth, skin disfigurement, and delayed puberty; HIV/AIDS-related stigma; and exposure to violence and substance abuse (Bernays, Jarrett, Kranzer, & Ferrand, 2014; Mavhu et al., 2013) . Further, adolescents with HIV may experience higher rates of depression, anxiety, and traumatic experiences than their uninfected peers (Betancourt et al., 2014; Kamau, Kuria, Mathai, Atwoli, & Kangethe, 2012; Seth et al., 2014) . Despite these statistics, mental health research and services are scarce for HIV-positive youth, especially in low-resource settings (Klasen & Crombag, 2012; Patel, Flisher, Nikapota, & Malhotra, 2008; Thapar, Collishaw, Pine, & Thapar, 2012) .
The present study was designed to measure the prevalence and severity of mental health difficulties among HIV-positive adolescents at Kilimanjaro Christian Medical Centre (KCMC) in Moshi, Tanzania and to identify the relationships between mental health difficulties, stigma, ART adherence, and CD4 cell count. Before conducting the study, it was hypothesized that 20% of HIVpositive youth would experience mental health difficulties, and that stigma, incomplete ART adherence, and low CD4 count would be associated with mental health difficulties.
Methods

Study design and measures
We conducted a cross-sectional study that prospectively enrolled HIV-positive youth between 12 and 24 years of age who knew their HIV status, were living with family, and who were attending a monthly HIV-youth-focused clinic called "Teen Club". The study was introduced to youth attending Teen Club on two occasions. Between December 2013 and May 2014, a structured questionnaire was administered to study participants, which included questions regarding demographics, home life, school life, hobbies, life goals, HIV disclosure, ART adherence, stigma, and mental health as described below. Adherence was measured qualitatively by self-report in two ways: (1) dichotomously, by asking the participant, "Have you missed any doses of your medication in the last two weeks, yes or no?" and (2) categorically "Think about the past week (7 days); on average, how often did you miss a dose of medication?" Response options included, "(1) once a day; (2) more than once a week, but not every day; (3) once a week; or (4) I don't miss my medicine". A participant's response of yes to the first question or a response other than "I don't miss my medication" to the second question was defined as incomplete adherence.
Stigma and mental health difficulties were measured using adapted scales. Both internal and external stigma were evaluated using 10 relevant questions from the Berger HIV Stigma Scale (Berger, Ferrans, & Lashley, 2001 ).
There were four internal stigma questions (16 point maximum) reflecting personal stigma such as, "I feel I am not as good of a person as others because I have HIV", and six external stigma questions (24 point maximum) reflecting perceived stigma from others such as, "People I know would not want someone with HIV around their children". Responses were on a 4-point scale: (1) strongly disagree; (2) disagree; (3) agree; and (4) strongly agree (total score range 10-40) with a higher number signifying worse stigma.
Mental health assessments included three separate measures to provide a broad description of mental health difficulties by identifying depressive symptoms, emotional and behavior symptoms, and trauma-related symptoms. Measures were reported on a continuous scale. Numeric thresholds based on the referenced scale and expert opinion were also described for study comparison.
The Patient Health Questionnaire (PHQ-9) was chosen to evaluate depressive symptoms as it has been considered a reliable screening tool studied among adult populations in Kenya (Monahan et al., 2009) , Ethiopia (Gelaye et al., 2013) , South Africa (Cholera et al., 2014) , and HIV-positive patients in Uganda (Akena, Joska, Obuku, & Stein, 2013) . It is also a recommended screening tool for depression in the adolescent population (Thapar et al., 2012) . A threshold score of 10 or greater (range 0-27) has been demonstrated to reflect depression in validation studies (Cholera et al., 2014; Gelaye et al., 2013) with test-retest reliability (intraclass correlation coefficient [ICC]) of 0.92 and Cronbach's alpha of 0.85 in Ethiopia (Gelaye et al., 2013) and ICC of 0.59, Cronbach's alpha of 0.78 in Kenya (Monahan et al., 2009) .
The Strengths and Difficulties Questionnaire (SDQ) has been widely used to evaluate emotional and behavioral difficulties among youth in multiple countries including sub-Saharan Africa (Sharp et al., 2014; Youthinmind, 2009) , and among HIV-positive adolescents in Zambia (Menon, Glazebrook, Campain, & Ngoma, 2007) . A threshold score of 17 or greater (range 0-40) is considered predictive of mental health difficulties (Youthinmind, 2009 ). This questionnaire had reasonable reliability (Cronbach's alpha, 0.73) and retest stability (ICC) of 0.62 after 4-6 months in a British cohort (Goodman, 2001 ) and a Cronbach alpha of 0.51 among a Zambian cohort (Menon et al., 2007) .
The University of California Los Angeles (UCLA) post-traumatic stress disorder (PTSD) Exposure Screener was used to identify traumatic experiences. The UCLA-PTSD-Reaction Index (PTSD-RI) was used to evaluate post-traumatic stress symptoms related to the traumatic experience. This tool has been widely used in lowresource countries and has been translated and validated for use in Zambia with good reliability (Cronbach's alpha ≥0.90) among children who experienced sexual abuse (Murray et al., 2011) and in youth from neighboring Kenya after the 2007 election riots (Harder, Mutiso, Khasakhala, Burke, & Ndetei, 2012) . Our study used a modified 4-point response scale: (0) none; (1) little; (2) much of the time; or (3) most of the time, by removing the fifth option "some of the time" because it was difficult to obtain a valid translation that distinguished this category in the Swahili language (range 0-51).
The structured questionnaire and mental health measures were translated to Swahili and back translated to English. Two focus groups were held to ensure that the translated questions were well understood. Four trained, native Swahili speaking, female research assistants aged 25-40 years administered the questionnaires. A threeday training session introduced the structured questionnaire and mental health assessments with interactive role-play sessions to ensure that research assistants were comfortable with the questions and potential responses. Questionnaires were hand-scored by one data entry person and a computer algorithm was developed for verification. Two different people entered complete survey data for double data entry and discrepancies were reviewed for accuracy. Average time to complete the structured questionnaire and mental health measures was approximately 50 minutes.
HIV measures
In Tanzania, standard of care for evaluating ART treatment response is by CD4 cell count every six months. HIV-RNA is not routinely available. The participants' most recent CD4 result within six months of the questionnaire (either before or after, whichever was closer in time) and current ART regimen at the time of questionnaire were extracted from the clinical file. CD4 was categorized according to clinically meaningful cutoffs.
Ethical review and informed consent
Written informed consent was provided by participants 18 years or older, or by a parent or guardian for youth less than 18 years of age. Youth under 18 years also provided assent. The Duke University Medical Center Institutional Review Board, the KCMC Research Ethics Committee, and the Tanzanian National Institute Medical Review approved the study protocol.
Statistical analyses
Descriptive statistics were used to summarize demographic, mental health, and HIV measures. The mental health measures were all skewed count distributions. To appropriately account for the distributional form, and to allow for overdispersion, univariable negative binomial regression was used to estimate the association of six variables of interest that were identified a priori (age, gender, if in school, stigma, incomplete adherence, and CD4) and each of the three key mental health measures (PHQ, SDQ, and UCLA-PTSD-RI). The measure of association obtained from the negative binomial model is commonly referred to as a rate ratio. Because our study was cross-sectional, it is more appropriate to refer to these measures as mean ratios (MR), and is what we will use throughout. Models were compared to the more parsimonious Poisson regression models using the likelihood ratio test for the scale parameter, in all cases, the negative binomial models were preferred.
A multivariable model incorporated all six a priori variables to evaluate which had the strongest effect on each mental health measure when simultaneously accounting for all the other variables in the model. The functional form of age and stigma was assessed by comparing the continuous and categorical forms of each variable using the likelihood ratio test. The continuous form with a linear effect was preferred for both variables. Stata 13.1 (StataCorp, 2013) was used for statistical analyses.
Results
Participants
One hundred and eighty-two participants enrolled in the study, representing approximately 90% of youth who attend the HIV-youth clinic. Three participants were ineligible due to living in an orphanage. The average age (standard deviation) of participants was 17.2 (2.9) years and just over half (54%) were female. Fewer than half (45%) of the youth lived with a biological parent and 28% were double orphans (Table 1) . Most youth were still attending school (76%). However, 18% were neither in school nor working and, of these, 27% were less than 17 years of age and 73% were female. Despite their medical and psychosocial problems, the majority of youth did have career aspirations such as becoming a doctor (23%), teacher (9%), accountant (7%), lawyer (7%), engineer (5%), nurse (4%), and many additional professions. Most participants stated they would like to marry and would like to have children (87%). The majority of youth (91%) felt they would accomplish their goals.
Many youth experienced stigma. Examples of internal stigma included, 9% of youth who felt that they "are not as good a person as others because they have HIV" and, 17% reported, "Having HIV makes me feel unclean". A majority of youth experienced external stigma with 42% reporting that, "People I know would treat someone with HIV as an outcast", and 39% reporting that "People I know think that a person with HIV is disgusting".
Mental health
The median (25th and 75th percentiles) PHQ score was 3 (0-6) with 12.1% scoring 10 or greater (Table 2) . Based on univariable negative binomial regression, mean PHQ score increased 12% for every one-year increase in age (MR: 1.12, 95% CI 1.05-1.18, p < .001) and 62% for females as compared to males (MR: 1.62, 95% CI 1.15-2.28; p = .006) (Table 3) . Likewise, the mean PHQ score for those not in school was 65% higher as compared to those in school (MR: 1.65, 95% CI 1.12-2.43; p = .01) and for each one-point increase in stigma, mean PHQ score was increased 9% (MR: 1.09, 95% CI 1.06-1.13; p < .001). In multivariable regression, incomplete adherence also became significant with a 52% increase in mean PHQ as compared to those who selfreport excellent adherence (MR: 1.52, 95% CI 1.07-2.18; p = .020).
Emotional and behavioral threshold scores (SDQ ≥ 17) were reported among 13.7% of study participants (Table 2) . Both univariable and multivariable negative binomial regression demonstrated that increased stigma and incomplete adherence were both associated with increased mean SDQ score (Table 3) .
Post-traumatic stress threshold scores (UCLA-PTSD-RI ≥ 18) were reported among 10% of study youth. The most common traumatic events were experiencing or witnessing physical abuse, witnessing the death of a relative, and experiencing a traumatic or painful medical procedure (Table 4 ). Sexual abuse in the form of rape or molestation was not commonly self-reported. Univariable and multivariable negative binomial regressions showed that stigma and incomplete adherence were associated with increased mean UCLA-PTSD-RI score; those with incomplete adherence had a 50% increased mean trauma score as compared to those who selfreported excellent adherence in multivariable analysis (MR: 1.51, 95%CI 1.14-2.02; p = .005).
HIV measures
ART regimen, immunologic surveillance, and selfreported adherence are provided in Table 1 . Overall, 34% of youth were receiving second-line therapy. Nearly, half of youth had a CD4 cell count greater than or equal to 500 cells/μL. CD4 was not significantly associated with any mental health measures. A quarter of youth (24%) reported incomplete adherence, which was associated with all three mental health measures (Table 3) .
Discussion
This study is among the first to evaluate mental health difficulties and their associations with stigma and adherence in HIV-positive adolescents in Africa. The study did not seek to confirm a mental health diagnosis, rather to measure the prevalence of symptoms suggesting mental health difficulties. Evaluating mental health in the Tanzanian setting is challenging as most mental health tools are based upon Western constructs. Several investigators have attempted to validate measures in resource-limited settings among HIV-affected orphan populations (Makame, Ani, & Grantham-McGregor, 2002; Traube, Dukay, Kaaya, Reyes, & Mellins, 2010) or children traumatized by war (T. S. Betancourt, Meyers-Ohki, Charrow, & Hansen, 2012; Jordans, Komproe, Ventevogel, Tol, & de Jong, 2008; Kohrt et al., 2011) ; however, few studies have attempted to validate mental health measures in sub-Saharan Africa (Lowenthal et al., 2011; Mutumba, Resnicow, et al., 2015) .
Comparing this study to other studies evaluating depression in African youth, a study from rural Nigeria used the PHQ-9 to screen youth 12-17 years of age in secondary school and demonstrated 21% had symptoms of moderate depression using a threshold score of ≥10 (Fatiregun & Kumapayi, 2014) . A study from Kenya found major depressive disorder among 17.8% of HIVinfected children and adolescents between 6 and 18 years of age using the Mini International Neuropsychiatric Interview for Children and Adolescents (MINI kid), though threshold criteria were not well defined (Kamau et al., 2012) . The present study had 12.1% of participants who scored ≥10 on the PHQ-9, in line with global estimates of 10-20% (Gore et al., 2011; Kieling et al., 2011; Klasen & Crombag, 2012) . Emotional and behavioral difficulties have been assessed in three HIV-positive African cohorts. In Zambia, 29% of HIV-positive adolescents age 11-15 years were found to have emotional and peer-related problems based on the SDQ, although the majority of youth were not disclosed to their HIV status (Menon et al., 2007) . In Uganda, the World Health Organization Self-Report Questionnaire-25 was used to evaluate psychological distress among HIV-positive youth between 10 and 18 years of age (cutoff > 6) with a prevalence of 51%. In the same cohort, 17% of youth reported a suicide attempt within the previous 12 months (Musisi & Kinyanda, 2009) . Youth in the Ugandan study were disclosed, though the majority had WHO stage three or four clinical diseases and none were receiving ART (Musisi & Kinyanda, 2009 ). Finally, the pediatric symptom checklist (PSC) was used in Botswana to evaluate emotional and behavioral problems of HIV-positive youth age 6-16 years (cutoff > 20) with 17% meeting criteria for difficulties (Lowenthal et al., 2012) . In the present study, the median (25th and 75th percentiles) SDQ score was 9 (6-13), and 14% of youth scored 17 or greater. The differences in questionnaire, HIV disclosure, treatment, and age group make cross study and cross-country comparisons challenging.
Investigators have also evaluated post-traumatic stress among HIV-positive youth. A US-based study of primarily behaviorally HIV-infected adolescents was conducted using the Traumatic Events Screening Inventory (TESI) and the Posttraumatic Stress Disorder Checklist-Civilian version (PCL-C) (Radcliffe et al., 2007) . All 30 of the participants in that study experienced at least one traumatic event, the most common being the news of their HIV diagnosis, having someone close to them seriously ill or injured, being a victim of physical abuse, or witnessing domestic violence (Radcliffe et al., 2007) . Although the traumatic events listed were similar to those in the current study, the rate of post-traumatic stress symptoms was 57%, much higher than the estimated 10% reported here. This difference may be due to the differing modes of acquiring HIV infection, behavioral versus perinatal, as well as a cultural difference in how traumatic stress may be experienced and understood.
Stigma is known to affect mental health (Breet, Kagee, & Seedat, 2014; Lall et al., 2015; and was highly associated with each mental health measure in this study. HIV-positive adults and adolescents perceiving high levels of stigma tend to have less social support (Breet et al., 2014) and to exhibit mental health difficulties with increased levels of incomplete ART adherence (Denison, Koole, et al., 2015; Mavhu et al., 2013) . A study among adolescent AIDS-orphans in South Africa also demonstrated increased stigma was associated with worse psychological outcomes (Cluver, Gardner, & Operario, 2008) . Peer support and group therapy addressing these important issues have demonstrated improvement in both mental health (Richardson et al., 2014) and ART adherence (Denison, Banda, et al., 2015; Mills et al., 2014) .
Incomplete adherence has been attributed to mental health difficulties among HIV-positive youth (Lowenthal et al., 2012) . Depression is often studied (Chandwani et al., 2012; Memiah et al., 2014; Murphy et al., 2005; Murphy, Wilson, Durako, Muenz, & Belzer, 2001) , but emotional and behavioral symptoms (Musisi & Kinyanda, 2009) , and childhood traumas have also shown to be important factors in ART adherence (Whetten et al., 2013) . Both univariable and multivariable regression of self-reported incomplete adherence were significantly associated with each mental health measure, providing more evidence that resources must be allocated to address mental health among vulnerable HIVpositive youth.
Limitations
The cross-sectional study design limits determination of causality. Adherence and mental health symptoms are dynamic; however, for this study, data were self-reported and at only one time point. The mental health questionnaires were based upon Western constructs, though validity has been shown in neighboring countries in similar populations, none specific to HIV-positive adolescents in Tanzania. Interpersonal skills of interviewers could introduce interviewer bias as well as reporting and desirability bias based on the rapport and response of the participants. To mitigate this, all interviewers were trained together on the structured questionnaire.
Conclusion
The prevalence of mental health difficulties among adolescents attending this HIV-youth clinic is significant. Depression, emotional and behavioral difficulties, and traumatic events in childhood were common, affecting mental health and ART adherence. The combination of incomplete ART adherence coupled with emerging sexual debut creates the "perfect storm" for the development and spread of resistant HIV. Addressing mental health needs in the primary HIV-care setting may improve not only mental health, but also ART adherence and virologic suppression, affording better individual health outcomes while also acting as secondary prevention among sexually active youth.
